) were used in this study. Plant height, dry matter yield, crude protein content and yield, ADF and NDF content, biological, seed and straw yield, harvest index and 1000-seed weight were evaluated. In summary, this 2-year study clearly showed that irrigated proso millet can be successfully produced in Eastern Anatolia conditions. The results indicated that nitrogen doses had significant effects on the yields and increased the plant height, dry matter yield, crude protein content and yield, biological yield, seed yield and straw yield. The highest dry matter yield (4640kg ha 
INTRODUCTION
High-altitude regions have short cultivation period, cold and long winter months and relatively cool summer period. In this ecology, cool-season crops are mostly taken into account when the diversification of species that are cultivated is aimed. Those that firstly come to mind among annual species used for hay production are vetches (Vicia sp.) from legumes, and ryegrasses (Lolium sp.) and cool-season cereals from grasses. However, some species of warm seasons with short development time and fast growth rate can give successful results at higher altitudes. For example, corn (Zea mays L.) and sorghum (Sorghum bicolor L. (Monech.)) are two species has a wide tolerance despite being a subtropical climate plant, and its cultivation is possible as silage in Erzurum [1] , [2] .
Occasionally, on agricultural areas, crop seeding is delayed for various reasons or it is required to cancel the Manuscript received February 17, 2016; revised July 27, 2016.
planted products and to plant new products on cropland. After this period coinciding with the beginning of the hot summer months, cool-season plants cannot give enough yields. Plant species with a short vegetation period to be cultivated in this period are needed. When it is considered within this scope, plants that first come to mind are millets (Panicum sp.) in high altitude regions. Panicum is a large genus of about 450 species of grasses native throughout the tropical regions of the World [3] , [4] . There are a few species growing in the northern temperate zone. These plants are annuals and perennials; many are tufted or have underground stems. Many species of Panicum, known as millet or panicgrass, are cultivated in Asia and Europe as crop plants and in the United States for forage, livestocks feed, and birdseed.
One of the millet species that are commonly cultured in the world is the proso millet (Panicum miliaceum L.). This is annual millet species scattered throughout the world's warm and temperate regions. Stems are light green, erect, sometimes branched at the base, and grow 0.5-1.5 m tall. Plants have shallow, fibrous root systems and produce few tillers. It is used as cereal since ancient times. It is one of the oldest plants in Europa and Asia. It is thought that proso millet was originally cultivated in eastern Asia, later spreading to India, Russia, the Middle East, and Europe [5] . Today it is produced in India, China, Russia, and the Middle East. In the United States, it is mainly grown in the Great Plains states of Nebraska, South Dakota, and Colorado, with limited production in Kansas, Wyoming, and Minnesota. US production has increased in the past 10 years [6] .
Proso millet is grown for livestock and birdseed similar to other millets species. The feed value of proso millet for cattle and swine is generally considered to equal that of grain sorghum or corn [7] . It has been used as health food, and due to its lack of gluten, it can be included in the diets of people who cannot tolerate wheat.
Proso millet is well adapted to many soil and climatic conditions; it has a short growing season, and needs little water. It matures quickly, in 60-100 days [8] , [9] . Baltensperger [5] was reported, it can be grown farther north than other millets and is adapted to high elevation plateaus and poor soil. It has a shallow wibrous root system, therefore it does not grow well under water stress. It is not frost-tolerant and does not grow well in soils with a pH greater than 7.8 [10] . Proso millet is a good plant for rotation in arid areas; it has been used in a winter -wheat -sunflower -proso -fallow rotation in the Great Plains [7] .
Nitrogen fertilization is essential for production and quality of grasses, since there is usually the lack of organic matter and plant-available nitrogen on agricultural lands. Therefore, soil nutrient balance should be maintained to get higher yields from the plants. The amount of N needed depends on several factors such as climate, soil productivity, and management. When it is considered within this scope, nitrogen fertilizer application is needed in millet cultivation in poor soils. Proso millet also requires additional nitrogen. It planted fallowing another crop, such as wheat, has a higher nitrogen requirement than after summer fallow [7] . However, the amount of fertilizer dose to be applied is very important. Because higher rates typically lead to lodging. Fertilization studies carried out in different parts of the world suggest 45-225kg N ha-1 for hay and seed yields in millets [8] , [11] - [13] . Since research information is lacking, the study was conducted to determine the effects of different doses of nitrogen fertilizers on hay and seed yield and plant characteristics of proso millet, which would be experienced for the first time in Eastern Anatolia Region, the high altitude region of Turkey.
II. MATERIALS AND METHODS
The research was carried out at the irrigated experiment field of Atatürk University Faculty of Agriculture in Erzurum, Turkey in 2013 and 2014. In the research, proso millet (Panicum miliaceum L.) landrace was fertilized with 5 different doses of nitrogen (0, 30, 60, 90 and 120kg N ha -1 ). The experiment was established in a randomized complete blocks design with four replications. Field experiments were established in May in both years; the hay was harvested in July and seeds were harvested in August.
Seeding was performed with a row spacing of 20cm, parcel length of 3m and parcel width of 1.6m (8 rows). 30 kg ha -1 seed were seeded into the pre-prepared seed bed at a soil depth of 2-3cm with hand drills [9] , [14] . Plants were harvested for hay when they reached 50% of the flowering period and for seed in the full ripening period. While the half of the parcels was harvested for hay, the other half was harvested for seed.
Dry matter, seed, straw, biological and crude protein yield, crude protein, ADF and NDF contents of hay and plant height were determined. Plant height measurements were made on 10 plants selected randomly from the midsection of each parcel before hay harvesting. Dry matter yields were determined by drying grass harvested from the parcels firstly in the open air and then in a drying oven set at 65°C for 48 hours. While crude protein content was determined by the Kjeldahl method [15] , the ADF and NDF contents were determined in ANKOM Fiber Analyzer according to the guidelines specified by Van Soest [16] . Plants harvested for seed were dried firstly in the open air and then in a drying oven at 40°C and were weighed; firstly biological yields, and after threshing seed yield and straw yields were calculated. Dry matter, biological and seed yields were determined by hand-clipping 1.2m 2 areas from each plot. The data obtained were tested to the analysis of variance with the MSTAT-C package program according to the randomized complete blocks experimental design, and differences between averages which were found significant were showed by the LSD test [17] .
The texture of the experiment soil is clay loam, and total salt was 0.06%, pH was 7.45, lime was 1.3%, plantavailable P 2 O 5 was 54kg ha -1 , K₂O was 1740kg ha -1 , and organic matter was 0.97% (Table I ). According to these values, the experiment soil is salt-free, slightly alkaline, light calcareous, poor in plant-available phosphorus, rich in potassium and very poor in organic matter [18] . Erzurum is located at 39°55′N, and 41°61′E at an altitude of 1860m in Eastern Anatolia, Turkey. It has a continental climate with cold, snowy winters and warm, dry summers. There is a large temperature difference between summer and winter and day and night because of its high altitude and continental climate. Most precipitation occurs in winter and spring. The average maximum daily temperature during August is around 27°C. However, the average minimum daily temperature during January is around −15°C; temperatures fall below −30°C most years. In the experiment periods (MayAugust) of the province in 2013 and 2014, the monthly average relative humidity, the average temperature, and the total rainfall value were 54.2%, 52.5%; 16.4°C, 17.2°C and 65.7 and 141.6 mm, respectively (Table II) . While the relative humidity and temperature values were close to each other in both years, the total amount of rainfall was lower in 2013. As the experiment was carried out in irrigated conditions, years has had no statistically effect on the experiment data, and the results were given as the two-year average. 
III. RESULTS AND DISCUSSION
The results of this study clearly indicated that nitrogenous fertilizer doses had statistically significant effects on plant height, dry matter yield, crude protein yield and crude protein content of proso millet, but had no significant effects on the ADF and NDF contents of the hay (Table III, Fig. 1 and Fig. 2, Fig. 3 ). Plant height increased in parallel to the applied nitrogen fertilizer doses, and the highest plant height was determined in 90kg N ha -1 dose (70.7cm). Similarly, it is seen that the dry matter yield increased with the increase of nitrogen doses. While the lowest dry matter yield (2924kg ha -1 ) was obtained from the control parcels without nitrogen application, the highest yields were obtained from 90 and 120kg N ha -1 applications (4640 and 4639kg ha -1 ). Nitrogen fertilizer applications increased the crude protein content of the hay and accordingly the crude protein yield. The highest crude protein content (14.24%,) and crude protein yield (656kg ha -1 ) were determined in 120kg N ha -1 application (Table  III, Fig. 1 and Fig. 2) .
The grasses have high nitrogen consumption. In the soils with the insufficient organic matter, the fact that nitrogen fertilizer application increases the vegetative part and accordingly the dry matter yield is a natural result. The optimal root development in proso millet occurs in 80-120kg N ha -1 doses [19] . It has been determined in various researches that the nitrogen fertilizer application increased the dry matter yield [13] , the crude protein content [20] , [21] , and the crude protein yield [8] in Panicum species. Baltensperger et al. [22] suggested that, when proso millet follows wheat, it is generally recommended that 45kg ha-1 of nitrogen be applied. Chadhari and Rai [23] suggest that 40 kg N ha-1 used for obtaining a good crop of proso under irrigated conditions in India.
Nitrogen doses significantly affected the biological yield, seed yield and straw yield of proso millet (Table  IV, Fig. 1 ). Yields were observed to be low in control parcels without nitrogen application. The highest biological yield (7466kg ha -1 ) and straw yield (4856kg ha -1 ) were obtained in 120kg N ha -1 dose which is the highest nitrogen dose. Seed yield reached the maximum in 90kg N ha -1 application. However, the seed yields of 30-120kg N ha -1 doses (2423-2610kg N ha -1 ) were into the same group statistically. Turgut et al. [8] , [11] determined that biological yield and seed yield increased with nitrogen fertilization in proso millet and that the highest biological yield was obtained from 150kg N ha -1 dose, the highest seed yield was obtained from 225kg N ha -1 dose. Pointing to the similar results again, Hassan et al. [12] observed that the highest seed yield was in 60kg N ha -1 nitrogen dose in foxtail millet (Panicum italicum). Nitrogen fertilizer doses did not statistically affect the harvest index and 1000-seed weight of proso millet (Table IV, Fig. 3 ). IV. CONCLUSIONS Two-year results obtained from this research have revealed that Panicum miliaceum can easily be grown for the production of hay and seed in Erzurum with high altitude. However, nitrogen fertilization is required in soils poor in organic matter. Considering that nitrogen is easily washed and leads to environmental pollution, it is useful to recommend doses as low as possible. According to the results of this study, sufficient yield can be obtained in hay and seed production by 30 kg N ha-1 application. Further studies on topics related to different form and application time of fertilizers should be done in the next stage.
